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(54) OPTICAL PICKUP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To correct the wave 
surface aberration caused by various errors when 
manufacturing an optical element, while suppressing the 
loss of light from the light source as much as possible, 
and correct especially the aberration due to thickness 
errors, slope errors of an optical recording medium. 
SOLUTION: This liquid crystal element 3 has a light 
source 1, an objective lens 2 to condense the light flux 
from the light source 1 to irradiate the signal recording 
surface 101a of an optical recording medium 101, and a 
liquid crystal element 3 which has a front and a rear flat 
surface and is disposed in an optical path between the 
light sources 1, and the objective lens 2 to give a 
predetermined phase distribution to the transmitted 
light It is built by sandwiching a liquid crystal molecule 
layer with a pair of transparent base plates whose sides 
facing the liquid crystal molecule layer are formed 
making the thickness distribution of the liquid crystal 
molecule layer similar to the phase distribution caused 
by the predetermined aberration. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light source and the objective lens which condenses to the signal recording 
surface of an optical record medium, and irradiates at it the flux of light emitted from this light 
source, It is an optical pickup equipped with the liquid crystal device which is arranged into these 
light sources and the optical path between objective lenses, and a front **** front face is a flat 
surface, and gives predetermined phase distribution to the transmitted light. The field of the side 
which the above-mentioned liquid crystal device put the liquid crystal molecular layer, was 
constituted by the transparence substrate of a pair, and has sandwiched the above-mentioned 
liquid crystal molecular layer of each above-mentioned transparence substrate The optical 
pickup characterized by being the configuration which makes thickness distribution of this liquid 
crystal molecular layer the similarity configuration over phase distribution of the spherical 
aberration which produces a signal recording surface according to the thickness error of a wrap 
clear layer in an optical record medium. 

[Claim 2] One side of the fields of the side which has sandwiched the liquid crystal molecular 
layer of each transparence substrate is an optical pickup according to claim 1 characterized by 
being a flat surface. 

[Claim 3] The light source and the objective lens which condenses alternatively to one of two or 
more signal recording surfaces of a multilayer optical record medium, and irradiates the flux of 
light emitted from this light source. It is an optical pickup equipped with the liquid crystal device 
which is arranged into these light sources and the optical path between objective lenses, and a 
front **** front face is a flat surface, and gives predetermined phase distribution to the 
transmitted light. The field of the side which the above-mentioned liquid crystal device put the 
liquid crystal molecular layer, was constituted by the transparence substrate of a pair, and has 
sandwiched the above-mentioned liquid crystal molecular layer of each above-mentioned 
transparence substrate The optical pickup characterized by being the configuration which makes 
a selected signal recording surface which is different in thickness distribution of this liquid 
crystal molecular layer according to selection of the signal recording surface in a multilayer 
optical record medium the similarity configuration over phase distribution of the spherical 
aberration according to the thickness of a wrap clear layer. 

[Claim 4] One side of the fields of the side which has sandwiched the liquid crystal molecular 
layer of each transparence substrate is an optical pickup according to claim 3 characterized by 
being a flat surface. 

[Claim 5] The light source and the objective lens which condenses to the signal recording 
surface of an optical record medium, and irradiates at it the flux of light emitted from this light 
source, It is an optical pickup equipped with the liquid crystal device which is arranged into these 
light sources and the optical path between objective lenses, and a front **** front face is a flat 
surface, and gives predetermined phase distribution to the transmitted light. The field of the side 
which the above-mentioned liquid crystal device put the liquid crystal molecular layer, was 
constituted by the transparence substrate of a pair, and has sandwiched the above-mentioned 
liquid crystal molecular layer of each above-mentioned transparence substrate The optical 
pickup characterized by being the configuration which makes thickness distribution of this liquid 
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crystal molecular layer the similarity configuration over phase distribution of the comatic 
aberration produced with the inclination to the optical axis of the objective lens of an optical 
record medium. 

[Claim 6] One side of the fields of the side which has sandwiched the liquid crystal molecular 
layer of each transparence substrate is an optical pickup according to claim 5 characterized by 
being a flat surface. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical pickup which constitutes account 
rec/play student equipments of optical, such as the so-called optical disc system, an optical 
MAG disc system, and an optical card system. 
[0002] 

[Description of the Prior Art] Conventionally, as an optical record medium, the optical disk like 
"CD (Compact Disc) (trademark)" and "DVD (Digital Versatile Disc)" (trademark) is proposed, 
and the optical pickup which performs the writing or read-out of an information signal to such an 
optical disk is proposed. 

[0003] And in order to aim at increase of the storage capacity in such an optical disk in recent 
years, high NA(numerical aperture)-ization of the objective lens which makes short-wavelength— 
izing of the flux of light emitted from the light source in an optical pickup and this flux of light 
condense on the signal recording surface of an optical disk is performed. 
[0004] For example, although it is 780nm in the optical pickup for "CD (trademark)" as 
luminescence wavelength of semiconductor laser (LD) used as the light source in an optical 
pickup, in the optical pickup for "DVD (trademark)" with more big storage capacity, it is 650nm. 
Moreover, although it is 0.45 in the optical pickup for "CD (trademark)" as numerical aperture 
(NA) of the objective lens of an optical pickup, in the optical pickup for "DVD (trademark)", it is 
0.60. 

[0005] Furthermore, when the objective lens of 0.85 is also proposed for 405nm (purple-blue 
color) semiconductor laser and numerical aperture (NA) and luminescence wavelength uses 
these for an optical pickup, further increase of the storage capacity of an optical disk will be 
achieved. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, if luminescence wavelength of 
semiconductor laser used as the light source is short-wavelength-ized as mentioned above and 
high NA-ization of an objective lens is attained, the effect to increase of the wave aberration in 
the optical system by various manufacture errors will become large. That is, wave aberration 
increases when a manufacture error is comparable, so that luminescence wavelength of 
semiconductor laser is short-wavelength-ized, and, so that an objective lens forms high NA. 
When the wave aberration in optical system increases, optical-character ability deteriorates and 
it becomes impossible to perform the good writing and good read-out of an information signal. 
[0007] therefore — for example, in the optical pickup for the conventional "the DVD 
(trademark)", when a skew arises in an optical disk, the thing equipped with the device in which 
the relative inclination of an optical pickup and an optical disk is changed is proposed so that an 
optical axis may always be made perpendicular to the read side of this optical disk. 
[0008] However, the various wave aberration generated in this way according to the manufacture 
error of the versatility of an optical element only in only adjusting the inclination to the optical 
disk of the whole optical pickup cannot be amended good, and wave aberration by a thickness 
error, an inclination error, etc. of an optical record medium cannot be amended especially good. 
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[0009] And as a configuration for amending the wave aberration in an optical pickup, various 
things are conventionally proposed by others. There are some which used the liquid crystal 
device for one of them. This is the configuration of inserting the liquid crystal device on the 
optical path between the light source and an objective lens, and giving desired phase distribution 
to the transmitted light by this liquid crystal device. Namely, this configuration gives a phase 
contrary to the wave aberration to generate beforehand to incident light by the liquid crystal 
device, and makes it non-aberration in an image formation side. 

[0010] In a liquid crystal device, the substrate which puts a liquid crystal molecule usually 
consists of a flat-surface substrate of glass. The electrode for applying an electrical potential 
difference to liquid crystal is formed in this substrate. The liquid crystal molecule is located in a 
line along with the orientation film formed in the glass substrate, and is moved with the electrical 
potential difference impressed with the electrode formed in the substrate. Since ****** of the 
whole liquid crystal device changes with migration of such a liquid crystal molecule, it is possible 
to change the phase of the transmitted light of this liquid crystal device. And what is necessary 
is just to make distribution of voltage on the electrical potential difference impressed with an 
electrode, in order to give phase distribution to the transmitted light Dividing and forming an 
electrode or more in at least two as an easy configuration for that is mentioned. By applying 
separately the electrical potential difference corresponding to desired phase distribution to the 
these-divided electrode, the distribution of voltage corresponding to the number of electrodes 
and applied voltage is formed, and it can obtain to the transmitted light of desired phase 
distribution in approximation. Of course, ideal phase distribution can be generated, so that the 
number of partitions of an electrode is made [ many ] and divided finely. 

[0011] However, in such a liquid crystal device, as the number of partitions of an electrode is 
made [ many ], the area of the non-polar zone formed among electrodes becomes larger. And 
since ****** differ to the liquid crystal of the polar zone, the liquid crystal of the non-polar zone 
produces phenomena, such as diffraction of light, on a boundary with the liquid crystal of the 
polar zone, and it not only has a bad influence on image formation, but it causes [ of the quantity 
of light ] loss. In order to develop the life of semiconductor laser although the quantity of light 
loss by such the diffracted light does not pose a problem if allowances are in the power of the 
semiconductor laser used as the light source, little way of loss of the quantity of light in a liquid 
crystal device is good. 

[0012] Then, this invention is proposed in view of the above-mentioned actual condition, and it 
tends to offer the optical pickup which can amend the wave aberration generated according to 
the various manufacture errors of an optical element good, and can also amend the aberration by 
a thickness error, an inclination error, etc. of an optical record medium good especially, 
suppressing loss of the light emitted from the light source as much as possible. 
[0013] 

[Means for Solving the Problem] The optical pickup which starts this invention in order to solve 
an above-mentioned technical problem is an optical pickup equipped with the light source, the 
objective lens which condenses to the signal recording surface of an optical record medium, and 
irradiates at it the flux of light emitted from this light source, and the liquid crystal device which 
is arranged into these light sources and the optical path between objective lenses, and a front 
**** front face is a flat surface, and gives predetermined phase distribution to the transmitted 
light And a liquid crystal device puts a liquid crystal molecular layer, and is constituted by the 
transparence substrate of a pair, and the field of the side which has sandwiched the liquid 
crystal molecular layer of each transparence substrate is characterized by being the 
configuration which makes thickness distribution of this liquid crystal molecular layer the 
similarity configuration over phase distribution of the spherical aberration which produces a 
signal recording surface according to the thickness error of a wrap clear layer in an optical 
record medium. 

[0014] In the optical pickup concerning this invention moreover, a liquid crystal device The field 
of the side which put the liquid crystal molecular layer, was constituted by the transparence 
substrate of a pair, and has sandwiched the above-mentioned liquid crystal molecular layer of 
each transparence substrate It is characterized by being the configuration which makes a 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web.cgi_ejje 



2005/02/16 



3/7 ^—iy 



different selected signal recording surface according to selection of a signal recording surface 
[ in / for thickness distribution of this liquid crystal molecular layer / a multilayer optical record 
medium ] the similarity configuration over phase distribution of the spherical aberration 
according to the thickness of a wrap clear layer. 

[0015] Furthermore, in the optical pickup concerning this invention, a liquid crystal device puts a 
liquid crystal molecular layer, is constituted by the transparence substrate of a pair, and is 
characterized by the field of the side which has sandwiched the above-mentioned liquid crystal 
molecular layer of each transparence substrate serving as a configuration which makes thickness 
distribution of this liquid crystal molecular layer the similarity configuration over phase 
distribution of the comatic aberration produced with the inclination to the optical axis of the 
objective lens of an optical record medium. 

[0016] In the optical pickup concerning such this invention, it is continued and formed in the 
whole surface at the transparence substrate of the pair which puts a liquid crystal molecular 
layer, without dividing an electrode. And a uniform electrical potential difference is impressed to 
this electrode. That is, phase distribution of the transmitted light is decided by thickness of the 
liquid crystal molecule to penetrate. 

[0017] Thus, in the optical pickup concerning this invention, since the electrode in a liquid 
crystal device is not divided, loss of the amount of transmitted lights by diffraction etc. is not 
invited. 

[0018] Moreover, since phase distribution of the transmitted light of this liquid crystal device is 
decided by the optical path length who penetrates a liquid crystal device, it is decided by 
thickness distribution of liquid crystal. Since thickness distribution of liquid crystal is decided by 
the configuration of a transparence substrate, if the similarity configuration over desired phase 
distribution can be formed in the front face of a transparence substrate, it will become possible 
[ giving phase distribution ideal for the transmitted light ]. 
[0019] 

[Embodiment of the Invention] It explains to a detail, referring to a drawing about the gestalt of 
concrete operation of this invention hereafter. 

[0020] The optical pickup concerning this invention is equipped with the liquid crystal device 3 
arranged into the optical path between the objective lens 2 which condenses to signal recording 
surface 101a of the optical disk 101 which is an optical record medium, and irradiates at it the 
semiconductor laser 1 used as the light source, and the flux of light emitted from this 
semiconductor laser 1, and these semiconductor laser 1 and an objective lens 2 as shown in 
drawing 1 . 

[0021] The laminating of a base material 102 and the protective layer 103 is carried out, an 
optical disk 101 is constituted, and the field which is a front face of a base material 102 and was 
covered with the protective layer 103 has become signal recording surface 101a. The flux of light 
from an optical pickup penetrates a protective layer 103, and is irradiated by signal recording 
surface 101a. A front **** front face is a flat surface, and a liquid crystal device 3 gives 
predetermined phase distribution to the transmitted light so that it may mention later. 
[0022] In this optical pickup, the flux of light which is the linearly polarized light emitted from 
semiconductor laser 1 is collimated by the collimator lens 4, and serves as a plane wave. 
Incidence of this plane wave is carried out to a beam splitter 5. This plane wave serves as P 
polarization to reflector 5a of a beam splitter 5, penetrates this reflector 5a, and penetrates a 
liquid crystal device 3. And this plane wave is made with the circular polarization of light through 
the quarter wavelength (lambda/4) plate 6, and results in an objective lens 2. This objective lens 
2 condenses and irradiates the flux of light by which incidence was carried out at signal 
recording surface 101a of an optical disk 101. 

[0023] the direction of tracking (direction which intersects perpendicularly with the optical axis 
of an objective lens 2) which shows an objective lens 2 by the direction of a focus (the direction 
of an optical axis of an objective lens 2) shown by the drawing 1 Nakaya mark F with the biaxial 
actuator 7. and the drawing 1 Nakaya mark T — migration — it is supported operational. 
Focusing adjustment and tracking adjustment are performed by actuation of this biaxial actuator 
7. 
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[0024] And it is reflected by this signal recording surface 101a, and the flux of light condensed 
by signal recording surface 101a of an optical disk 101 serves as outward trip light and the 
circular polarization of light of an opposite direction, serves as the linearly polarized light of the 
direction which intersects perpendicularly in the polarization direction of outward trip light 
through an objective lens 2 and the quarter wavelength (lambda/4) plate 6, penetrates a liquid 
crystal device 3, and returns to a beam splitter 5. In this beam splitter 5, since the light which 
returned from the optical disk 101 is S polarization to reflector 5a of this beam splitter 5, it is 
reflected by this reflector 5a. It converges with the detection lens 8 and the flux of light 
reflected in the beam splitter 5 is received by the photodetector 10 through the multi-lens 9. 
The multi-lens 9 is a lens with which plane of incidence was made with the cylinder side, and the 
outgoing radiation side was made with the concave surface. 

[0025] In this optical pickup, a liquid crystal device 3 gives predetermined phase distribution 
which erases the aberration produced in signal recording surface 101a about the flux of light 
irradiated by signal recording surface 101a inside to transmitted light flux. 
[0026] That is, the phase distribution which a liquid crystal device 3 should give to the 
transmitted light turns into the phase distribution of wave aberration and the distribution of 
reversed polarity in the optical spot by which image formation was carried out on signal 
recording surface 101a with the objective lens 2. 

[0027] For example, aberration to amend considers the case where it is what is depended on the 
thickness error dt and Skew theta of a protective layer 103 of an optical disk 101. Spherical 
aberration and Skew theta generate [ error / dt / thickness ] comatic aberration. Each 
aberration of a low degree is given by the degree type about aberration, and effect becomes 
large, so that the numerical aperture (NA) of an objective lens 2 is large and the wavelength of 
the flux of light emitted from semiconductor laser 1 is short 

[0028] That is, the 3rd spherical-aberration multiplier is given by the degree type. 
[0029] 

W40=dt/8x(n2-1)/n3xNA4 and the 3rd comatic-aberration multiplier are given by the degree 
type. 

[0030] W31=t/2x(n2-1) xn2xsin thetaxcos theta/(n2-sin2theta)5/2xNA3 (**t thickness of the 
protective layer of an optical disk) 

(**dt: Thickness error of the protective layer of an optical disk) 
(**n: ****** of the protective layer of an optical disk) 
(**theta: Inclination of an optical disk) 

A degree type will be obtained if such aberration is expressed with the coordinate (x y) 

standardized in the pupil radius on the pupil surface of an objective lens 2. 

[0031] 

3rd spherical aberration w(x y) =w40(x2+y2) 2 .... (formula 1) 
3rd comatic aberration w(x y) =w31x (x2+y2) .... (formula 2) 

Numerical aperture (NA) of an objective lens 2 cannot express the phase distribution 
corresponding to aberration sufficiently correctly only by the aberration of a low degree, when 
large. High order aberration is given by the degree type. 

[0032] That is, the 5th spherical-aberration multiplier is given by the degree type. 

[0033] W60=dt/48x(n2-1) x(n2+3)/n5xNA6 and the 5th comatic-aberration multiplier are given 

by the degree type. 

[0034] W51=t/8x(n2-1) xn2xsinthetaxcostheta/(n2-sin2theta) 9/2xNA5x (n4+(3cos2theta- 
5sin2theta) n2+4sin2theta-sin4theta) 

A degree type will be obtained if such aberration is expressed with the coordinate (x y) 

standardized in the pupil radius on the pupil surface of an objective lens 2. 

[0035] 

5th spherical aberration w(x y) =w60(x2+y2) 3 .... (formula 3) 
5th comatic aberration w(x y) =w51x(x2+y2)2 .... (formula 4) 

However, since the effect which gives high order aberration practically near the spot center of 
the light condensed with the objective lens 2 is very small, there is also little effect which it has 
on record playback of an optical disk. Therefore, the aberration which should be amended is 
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enough if only the aberration of a low degree is taken into consideration. 

[0036] And as shown in drawing 2 and drawing 3 . a liquid crystal device 3 puts the liquid crystal 
molecular layer 1 3, and consists of two glass substrates 1 1 and 1 2 which are transparence 
substrates of a pair. Plane of incidence, an outgoing radiation side, i.e., a front face, and a rear 
face are made with a flat surface, and this liquid crystal device 3 is constituted. And in this liquid 
crystal device 3, thickness distribution of the liquid crystal layer 13 is made with the similarity 
configuration over phase distribution to give to the transmitted light of this liquid crystal device 
3. Namely, one side is made with a flat surface and, as for the fields 11a and 12a whose liquid 
crystal layers 13 each glass substrates 11 and 12 countered mutually, and are pinched, another 
side is made with the similarity configuration over desired phase distribution. 
[0037] In this liquid crystal device 3, as shown in drawing 4 and drawing 5 , it continues all over 
the fields 11a and 12a where each glass substrates 11 and 12 counter mutually, and one 
electrodes 14 and 15 are formed, respectively. Furthermore, the orientation film 16 and 17 is 
formed on these electrodes 14 and 15. The liquid crystal molecule of the liquid crystal layer 13 is 
located in a line along with the orientation film 16 and 17. As shown in drawing 4 , in the 
electrode 14 and the condition that the electrical potential difference is not impressed among 15, 
orientation of these liquid crystal molecule is carried out considering the direction of a major axis 
as parallel to the fields 11a and 12a of glass substrates 1 1 and 12. And these liquid crystal 
molecule will move to the condition of making the direction of a major axis perpendicular to the 
fields 11a and 12a of glass substrates 11 and 12, if an electrical potential difference is impressed 
between an electrode 14 and 15 as shown in drawing 5 . The refractive indexes of the liquid 
crystal layer 13 differ by the case where the polarization direction of incident light is in 
agreement in the direction of a major axis of a liquid crystal molecule, and the case where the 
polarization direction of incident light is not in agreement in the direction of a major axis of a 
liquid crystal molecule. Here, the direction of a major axis of a liquid crystal molecule is parallel 
to the fields 11a and 12a of glass substrates 11 and 12, and the refractive index of the liquid 
crystal layer 13 when the polarization direction of incident light is in agreement in the direction 
of a major axis of a liquid crystal molecule is set to n1. Moreover, the refractive index of the 
liquid crystal layer 13 when the direction of a major axis of a liquid crystal molecule is 
perpendicular to the fields 11a and 12a of glass substrates 1 1 and 12 is set to n2. And in the 
condition that the direction of a major axis of a liquid crystal molecule is slanting to the fields 
11a and 12a of glass substrates 11 and 12, the refractive index of the liquid crystal layer 13 
serves as a value between n1 and n2 according to the include angle of a liquid crystal molecule. 
[0038] When there is no need of giving phase distribution to the transmitted light of a liquid 
crystal device 3, namely, when there is no manufacture error in this optical pickup and optical 
disk 101 and it is non— aberration in respect of image formation, the electrode 14 of a liquid 
crystal device 3 and the electrical potential difference impressed among 15 are adjusted, and it 
is made for the refractive index of the liquid crystal layer 13 to become equal to the refractive 
index n3 of each glass substrates 1 1 and 12 in this optical pickup, as shown in drawing 6 . 
[0039] And as shown in drawing 7 , ****** of the liquid crystal layer 13 is changed by changing 
an electrode 14 and the electrical potential difference impressed among 15 to give phase 
distribution to the transmitted light of a liquid crystal device 3. 

[0040] Phase distribution of the transmitted light of a liquid crystal device 3 is decided by the 
optical path length in a liquid crystal device 3. That is, phase distribution of the transmitted light 
of a liquid crystal device 3 is decided by the product (d (x) -deltan) of thickness distribution [ of 
the liquid crystal layer 13 ] d (x), and ******** deltan between the liquid crystal layer 13 and 
each glass substrate 11, and 12. Therefore, similar phase distribution can be given to the 
transmitted light of a liquid crystal device 3 to thickness distribution of the liquid crystal layer 13 
by changing an electrode 14 and the electrical potential difference impressed among 15, and 
producing ******** deltan between the liquid crystal layer 13 and each glass substrate 11, and 
12. 

[0041] A wave front when having produced spherical aberration turns into a wave front which 
phase contrast has produced in the center section and periphery of the flux of light, as shown in 
drawing 8 . Moreover, a wave front when having produced comatic aberration turns into a wave 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/02/16 



6/7 



front which phase contrast is producing gradually in the 1 side [ flux of light ] and side side else, 
as shown in drawing 9 . Therefore, it becomes non-aberration, when giving these phase 
distribution and phase distribution of reversed polarity beforehand to the wave front of the 
transmitted light of a liquid crystal device 3 and image formation is carried out with an objective 
lens 2. 

[0042] Therefore, in order to amend spherical aberration, thickness distribution of the liquid 
crystal layer 13 in a liquid crystal device 3 is made into the configuration shown with the above 
(formula 1) as shown in drawing 10 . Moreover, in order to amend comatic aberration, thickness 
distribution of the liquid crystal layer 13 in a liquid crystal device 3 is made into the configuration 
shown with the above (formula 2) as shown in drawing 1 1 . 

[0043] And you may arrange in piles in the optical path which faces each to an objective lens 2 
as the liquid crystal device for amending the liquid crystal device and comatic aberration for 
amending such spherical aberration as shown in drawing 1 , or only either may be arranged. The 
sequence piled up when arranging in piles the liquid crystal device which amends spherical 
aberration, and the liquid crystal device which amends comatic aberration may be any, and may 
pile any up as a side near an objective lens 2. 

[0044] In addition, in this optical pickup, even if thickness distribution of the liquid crystal layer 
13 in a liquid crystal device 3 is not the configuration of similarity in phase distribution of 
spherical aberration or comatic aberration, amendment of aberration is possible. For example, 
since focus servo actuation according to the 2 shaft actuator 7 also as a configuration 
corresponding to the phase distribution to which the aberration by defocusing was added to 
spherical aberration amends a defocused part, amendment of aberration can be performed. 
However, since what is necessary is just to give phase distribution of reversed polarity about the 
phase distribution and the amplitude by the aberration itself in order for there to be no 
semantics in making it such a configuration not much and to attain amendment of aberration by 
the minimum phase correction, the configuration shown in the above drawing 10 and drawing 1 1 
is the optimal. 

[0045] Moreover, this invention is effective also in the optical pickup used to the so-called 
multilayer disk. In a multilayer disk, since the transparent protective layer intervenes between 
each side of two or more signal recording surfaces by which the laminating was carried out, for 
every signal recording surface, the thickness from the front face of an optical disk differs, and 
the spherical aberration to generate differs. 

[0046] For example, in the case of "DVD (trademark)", the two-layer disk is adopted, spherical 
aberration sets up two-layer spacing as range permitted, and the optical pickup is designed, and 
does not have especially the amendment device of spherical aberration. 

[0047] However, when you want to increase a signal recording surface further from two-layer in 
"DVD (trademark)", or when numerical aperture (NA) of an objective lens is enlarged even if it is 
twoHayer, nonpermissible big spherical aberration occurs. 

[0048] In order to reduce spherical aberration, it can think that what is necessary is to be thin in 
between layers, namely, just to make signal recording surfaces approach, but when between 
layers is made thin, while performing record and playback about a certain signal recording 
surface, the stray light from other signal recording surfaces returns to an optical pickup, and 
exact record and playback become here, impossible. Therefore, there is a limitation in making 
between layers thin. This limitation changes with designs of a system, luminescence wavelength 
of the light source, etc. including optical system. However, when the lower limit of the interlayer 
spacing from which the stray light from other signal recording surfaces does not pose a problem 
has exceeded the upper limit of the interlayer spacing which can permit spherical aberration, it is 
necessary to amend spherical aberration efficiently with a certain means. 
[0049] Then, if it is going to amend spherical aberration using the conventional liquid crystal 
device which has the divided electrode, since only approximation-amendment can be performed, 
residual aberration is large and big spherical aberration [ as / in a multilayer disk ] cannot be 
amended. Moreover, by generating a spherical wave and making it put to an objective lens ON, 
only approximation-amendment can be performed, and since residual aberration is large, big 
spherical aberration in a multilayer disk cannot be amended. 
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[0050] Since amendment of the spherical aberration in this invention amends the change of the 
configuration of the wave front by spherical aberration itself to it, when amending the big 
spherical aberration generated when using a multilayer disk, little good amendment of residual 
aberration can be performed. 

[0051] [n addition, in the gestalt of operation mentioned above, although considered as the 
configuration of similarity in phase distribution of a request of one configuration of the fields of 
the glass substrate whose liquid crystal layer is pinched in the liquid crystal device, this 
invention is good for phase distribution of a request of the configuration of both sides of the field 
of the glass substrate not only this but whose liquid crystal layer is pinched also as a similar 
configuration. 

[0052] Namely, since phase distribution to give the transmitted light of a liquid crystal device is 
decided by the product (d (x) -deltan) of thickness distribution [ of the liquid crystal layer put 
with the glass substrate ] d (x), and a liquid crystal layer and ******** deltan between each 
glass substrate, it does not depend on the configuration of a glass substrate, but thickness 
distribution of a liquid crystal layer has Just become an analog to desired phase distribution. 
[0053] Moreover, the field configuration of the field which puts the liquid crystal layer of each 
glass substrate may form a predetermined field configuration for example, with an ultraviolet- 
rays (UV) curing agent, and may form it by sticking this on a plane glass substrate. 
[0054] 

[Effect of the Invention] As mentioned above, the optical pickup concerning this invention The 
light source and the objective lens which condenses to the signal recording surface of an optical 
record medium, and irradiates at it the flux of light emitted from this light source. It is an optical 
pickup equipped with the liquid crystal device which is arranged into these light sources and the 
optical path between objective lenses, and a front **** front face is a flat surface, and gives 
predetermined phase distribution to the transmitted light A liquid crystal device A liquid crystal 
molecular layer is put, it is constituted by the transparence substrate of a pair, and the field of 
the side which has sandwiched the liquid crystal molecular layer of each transparence substrate 
is characterized by being the configuration which makes thickness distribution of this liquid 
crystal molecular layer the similarity configuration over the phase distribution by predetermined 
aberration. 

[0055] And in this optical pickup, it is continued and formed in the whole surface at the 
transparence substrate of the pair which puts a liquid crystal molecular layer, without dividing an 
electrode. And a uniform electrical potential difference is impressed to this electrode. That is, 
phase distribution of the transmitted light is decided by thickness of the liquid crystal molecule 
to penetrate. 

[0056] Thus, in the optical pickup concerning this invention, since the electrode in a liquid 
crystal device is not divided, loss of the amount of transmitted lights by diffraction etc. is not 
invited. 

[0057] Moreover, since phase distribution of the transmitted light of this liquid crystal device is 
decided by the optical path length who penetrates a liquid crystal device, it is decided by 
thickness distribution of liquid crystal. Since thickness distribution of liquid crystal is decided by 
the configuration of a transparence substrate, if the similarity configuration over desired phase 
distribution can be formed in the front face of a transparence substrate, it will become possible 
[ giving phase distribution ideal for the transmitted light ]. 

[0058] That is, this invention can offer the optical pickup which can amend the wave aberration 
generated according to the various manufacture errors of an optical element good, and can also 
amend the aberration by a thickness error, an inclination error, etc. of an optical record medium 
good especially, suppressing loss of the light emitted from the light source as much as possible. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the optical pickup which constitutes account 
rec/play student equipments of optical, such as the so-called optical disc system, an optical 
MAG disc system, and an optical card system. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Conventionally, as an optical record medium, the optical disk like 
"CD (Compact Disc) (trademark)" and "DVD (Digital Versatile Disc)" (trademark) is proposed, 
and the optical pickup which performs the writing or read-out of an information signal to such an 
optical disk is proposed. 

[0003] And in order to aim at increase of the storage capacity in such an optical disk in recent 
years, high NA(numerical aperture)-ization of the objective lens which makes short-wavelength- 
izing of the flux of light emitted from the light source in an optical pickup and this flux of light 
condense on the signal recording surface of an optical disk is performed. 
[0004] For example, although it is 780nm in the optical pickup for "CD (trademark)" as 
luminescence wavelength of semiconductor laser (LD) used as the light source in an optical 
pickup, in the optical pickup for "DVD (trademark)" with more big storage capacity, it is 650nm. 
Moreover, although it is 0.45 in the optical pickup for "CD (trademark)" as numerical aperture 
(NA) of the objective lens of an optical pickup, in the optical pickup for "DVD (trademark)", it is 
0.60. 

[0005] Furthermore, when the objective lens of 0.85 is also proposed for 405nm (purple-blue 
color) semiconductor laser and numerical aperture (NA) and luminescence wavelength uses 
these for an optical pickup, further increase of the storage capacity of an optical disk will be 
achieved. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, the optical pickup concerning this invention. The 
light source and the objective lens which condenses to the signal recording surface of an optical 
record medium, and irradiates at it the flux of light emitted from this light source, It is an optical 
pickup equipped with the liquid crystal device which is arranged into these light sources and the 
optical path between objective lenses, and a front **** front face is a flat surface, and gives 
predetermined phase distribution to the transmitted light. A liquid crystal device A liquid crystal 
molecular layer is put, it is constituted by the transparence substrate of a pair, and the field of 
the side which has sandwiched the liquid crystal molecular layer of each transparence substrate 
is characterized by being the configuration which makes thickness distribution of this liquid 
crystal molecular layer the similarity configuration over the phase distribution by predetermined 
aberration. 

[0055] And in this optical pickup, it is continued and formed in the whole surface at the 
transparence substrate of the pair which puts a liquid crystal molecular layer, without dividing an 
electrode. And a uniform electrical potential difference is impressed to this electrode. That is. 
phase distribution of the transmitted light is decided by thickness of the liquid crystal molecule 
to penetrate. 

[0056] Thus, in the optical pickup concerning this invention, since the electrode in a liquid 
crystal device is not divided, loss of the amount of transmitted lights by diffraction etc. is not 
invited. 

[0057] Moreover, since phase distribution of the transmitted light of this liquid crystal device is 
decided by the optical path length who penetrates a liquid crystal device, it is decided by 
thickness distribution of liquid crystal. Since thickness distribution of liquid crystal is decided by 
the configuration of a transparence substrate, if the similarity configuration over desired phase 
distribution can be formed in the front face of a transparence substrate, it will become possible 
[ giving phase distribution ideal for the transmitted tight ]. 

[0058] That is, this invention can offer the optical pickup which can amend the wave aberration 
generated according to the various manufacture errors of an optical element good, and can also 
amend the aberration by a thickness error, an inclination error, etc. of an optical record medium 
good especially, suppressing loss of the light emitted from the light source as much as possible. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, if luminescence wavelength of 
semiconductor laser used as the light source is short-wavelength-ized as mentioned above and 
high NA-ization of an objective lens is attained, the effect to increase of the wave aberration in 
the optical system by various manufacture errors will become large. That is, wave aberration 
increases when a manufacture error is comparable, so that luminescence wavelength of 
semiconductor laser is short-wavelength-ized, and, so that an objective lens forms high NA. 
When the wave aberration in optical system increases, optical-character ability deteriorates and 
it becomes impossible to perform the good writing and good read-out of an information signal. 
[0007] therefore — for example, in the optical pickup for the conventional "the DVD 
(trademark)", when a skew arises in an optical disk, the thing equipped with the device in which 
the relative inclination of an optical pickup and an optical disk is changed is proposed so that an 
optical axis may always be made perpendicular to the read side of this optical disk. 
[0008] However, the various wave aberration generated in this way according to the manufacture 
error of the versatility of an optical element only in only adjusting the inclination to the optical 
disk of the whole optical pickup cannot be amended good, and wave aberration by a thickness 
error, an inclination error, etc. of an optical record medium cannot be amended especially good. 
[0009] And as a configuration for amending the wave aberration in an optical pickup, various 
things are conventionally proposed by others. There are some which used the liquid crystal 
device for one of them. This is the configuration of inserting the liquid crystal device on the 
optical path between the light source and an objective lens, and giving desired phase distribution 
to the transmitted light by this liquid crystal device. Namely, this configuration gives a phase 
contrary to the wave aberration to generate beforehand to incident light by the liquid crystal 
device, and makes it non-aberration in an image formation side. 

[0010] In a liquid crystal device, the substrate which puts a liquid crystal molecule usually 
consists of a flat-surface substrate of glass. The electrode for applying an electrical potential 
difference to liquid crystal is formed in this substrate. The liquid crystal molecule is located in a 
line along with the orientation film formed in the glass substrate, and is moved with the electrical 
potential difference impressed with the electrode formed in the substrate. Since ****** of the 
whole liquid crystal device changes with migration of such a liquid crystal molecule, it is possible 
to change the phase of the transmitted light of this liquid crystal device. And what is necessary 
is just to make distribution of voltage on the electrical potential difference impressed with an 
electrode, in order to give phase distribution to the transmitted light. Dividing and forming an 
electrode or more in at least two as an easy configuration for that is mentioned. By applying 
separately the electrical potential difference corresponding to desired phase distribution to the 
these-divided electrode, the distribution of voltage corresponding to the number of electrodes 
and applied voltage is formed, and it can obtain to the transmitted light of desired phase 
distribution in approximation. Of course, ideal phase distribution can be generated, so that the 
number of partitions of an electrode is made [ many ] and divided finely. 

[0011] However, in such a liquid crystal device, as the number of partitions of an electrode is 
made [ many ], the area of the non-polar zone formed among electrodes becomes larger. And 
since ****** differ to the liquid crystal of the polar zone, the liquid crystal of the non-polar zone 
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produces phenomena, such as diffraction of light, on a boundary with the liquid crystal of the 
polar zone, and it not only has a bad influence on image formation, but it causes [ of the quantity 
of light ] loss. In order to develop the life of semiconductor laser although the quantity of light 
loss by such the diffracted light does not pose a problem if allowances are in the power of the 
semiconductor laser used as the light source, little way of loss of the quantity of light in a liquid 
crystal device is good. 

[0012] Then, this invention is proposed in view of the above-mentioned actual condition, and it 
tends to offer the optical pickup which can amend the wave aberration generated according to 
the various manufacture errors of an optical element good, and can also amend the aberration by 
a thickness error, an inclination error, etc. of an optical record medium good especially, 
suppressing loss of the light emitted from the light source as much as possible. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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MEANS 



[Means for Solving the Problem] The optical pickup which starts this invention in order to solve 
an above-mentioned technical problem is an optical pickup equipped with the light source, the 
objective lens which condenses to the signal recording surface of an optical record medium, and 
irradiates at it the flux of light emitted from this light source, and the liquid crystal device which 
is arranged into these light sources and the optical path between objective lenses, and a front 
**** front face is a flat surface, and gives predetermined phase distribution to the transmitted 
light And a liquid crystal device puts a liquid crystal molecular layer, and is constituted by the 
transparence substrate of a pair, and the field of the side which has sandwiched the liquid 
crystal molecular layer of each transparence substrate is characterized by being the 
configuration which makes thickness distribution of this liquid crystal molecular layer the 
similarity configuration over phase distribution of the spherical aberration which produces a 
signal recording surface according to the thickness error of a wrap clear layer in an optical 
record medium. 

[0014] In the optical pickup concerning this invention moreover, a liquid crystal device The field 
of the side which put the liquid crystal molecular layer, was constituted by the transparence 
substrate of a pair, and has sandwiched the above-mentioned liquid crystal molecular layer of 
each transparence substrate It is characterized by being the configuration which makes a 
different selected signal recording surface according to selection of a signal recording surface 
[ in / for thickness distribution of this liquid crystal molecular layer / a multilayer optical record 
medium ] the similarity configuration over phase distribution of the spherical aberration 
according to the thickness of a wrap clear layer. 

[0015] Furthermore, in the optical pickup concerning this invention, a liquid crystal device puts a 
liquid crystal molecular layer, is constituted by the transparence substrate of a pair, and is 
characterized by the field of the side which has sandwiched the above-mentioned liquid crystal 
molecular layer of each transparence substrate serving as a configuration which makes thickness 
distribution of this liquid crystal molecular layer the similarity configuration over phase 
distribution of the comatic aberration produced with the inclination to the optical axis of the 
objective lens of an optical record medium. 

[0016] In the optical pickup concerning such this invention, it is continued and formed in the 
whole surface at the transparence substrate of the pair which puts a liquid crystal molecular 
layer, without dividing an electrode. And a uniform electrical potential difference is impressed to 
this electrode. That is, phase distribution of the transmitted light is decided by thickness of the 
liquid crystal molecule to penetrate. 

[001 7] Thus, in the optical pickup concerning this invention, since the electrode in a liquid 
crystal device is not divided, loss of the amount of transmitted lights by diffraction etc. is not 
invited. 

[0018] Moreover, since phase distribution of the transmitted light of this liquid crystal device is 
decided by the optical path length who penetrates a liquid crystal device, it is decided by 
thickness distribution of liquid crystal. Since thickness distribution of liquid crystal is decided by 
the configuration of a transparence substrate, if the similarity configuration over desired phase 
distribution can be formed in the front face of a transparence substrate, it will become possible 
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[ giving phase distribution ideal for the transmitted light ]. 
[0019] 

[Embodiment of the [nvention] It explains to a detail, referring to a drawing about the gestalt of 
concrete operation of this invention hereafter 

[0020] The optical pickup concerning this invention is equipped with the liquid crystal device 3 
arranged into the optical path between the objective lens 2 which condenses to signal recording 
surface 101a of the optical disk 101 which is an optical record medium, and irradiates at it the 
semiconductor laser 1 used as the light source, and the flux of light emitted from this 
semiconductor laser 1, and these semiconductor laser 1 and an objective lens 2 as shown in 
drawing 1 . 

[0021] The laminating of a base material 102 and the protective layer 103 is carried out, an 
optical disk 101 is constituted, and the field which is a front face of a base material 102 and was 
covered with the protective layer 103 has become signal recording surface 101a. The flux of light 
from an optical pickup penetrates a protective layer 103, and is irradiated by signal recording 
surface 101a. A front **** front face is a flat surface, and a liquid crystal device 3 gives 
predetermined phase distribution to the transmitted light so that it may mention later, 
[0022] In this optical pickup, the flux of light which is the linearly polarized light emitted from 
semiconductor laser 1 is collimated by the collimator lens 4, and serves as a plane wave. 
Incidence of this plane wave is carried out to a beam splitter 5. This plane wave serves as P 
polarization to reflector 5a of a beam splitter 5, penetrates this reflector 5a, and penetrates a 
liquid crystal device 3. And this plane wave is made with the circular polarization of light through 
the quarter wavelength (lambda/4) plate 6, and results in an objective lens 2. This objective lens 
2 condenses and irradiates the flux of light by which incidence was carried out at signal 
recording surface 101a of an optical disk 101. 

[0023] the direction of tracking (direction which intersects perpendicularly with the optical axis 
of an objective lens 2) which shows an objective lens 2 by the direction of a focus (the direction 
of an optical axis of an objective lens 2) shown by the drawing 1 Nakaya mark F with the biaxial 
actuator 7. and the drawing 1 Nakaya mark T — migration — it is supported operational. 
Focusing adjustment and tracking adjustment are performed by actuation of this biaxial actuator 
7. 

[0024] And it is reflected by this signal recording surface 101a, and the flux of light condensed 
by signal recording surface 101a of an optical disk 101 serves as outward trip light and the 
circular polarization of light of an opposite direction, serves as the linearly polarized light of the 
direction which intersects perpendicularly in the polarization direction of outward trip light 
through an objective lens 2 and the quarter wavelength (lambda/4) plate 6, penetrates a liquid 
crystal device 3, and returns to a beam splitter 5. In this beam splitter 5, since the light which 
returned from the optical disk 101 is S polarization to reflector 5a of this beam splitter 5, it is 
reflected by this reflector 5a. It converges with the detection lens 8 and the flux of light 
reflected in the beam splitter 5 is received by the photodetector 10 through the multiHens 9. 
The multiHens 9 is a lens with which plane of incidence was made with the cylinder side, and the 
outgoing radiation side was made with the concave surface. 

[0025] In this optical pickup, a liquid crystal device 3 gives predetermined phase distribution 
which erases the aberration produced in signal recording surface 101a about the flux of light 
irradiated by signal recording surface 101a inside to transmitted light flux. 
[0026] That is, the phase distribution which a liquid crystal device 3 should give to the 
transmitted light turns into the phase distribution of wave aberration and the distribution of 
reversed polarity in the optical spot by which image formation was carried out on signal 
recording surface 101a with the objective lens 2. 

[0027] For example, aberration to amend considers the case where it is what is depended on the 
thickness error dt and Skew theta of a protective layer 103 of an optical disk 101. Spherical 
aberration and Skew theta generate [ error / dt / thickness ] comatic aberration. Each 
aberration of a low degree is given by the degree type about aberration, and effect becomes 
large, so that the numerical aperture (NA) of an objective lens 2 is large and the wavelength of 
the flux of light emitted from semiconductor laser 1 is short 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran,web.cgi_ejje 



2005/02/16 



3/5 ^— V 



[0028] That is, the 3rd spherical-aberration multiplier is given by the degree type. 
[0029] 

W40=dt/8x(n2-l)/n3xNA4 and the 3rd comatic-aberration multiplier are given by the degree 
type. 

[0030] W31=t/2x(n2-1) xn2xsin thetaxcos theta/(n2-sin2theta)5/2xNA3 (**t thickness of the 
protective layer of an optical disk) 

(**dt Thickness error of the protective layer of an optical disk) 
(**n: ****** of the protective layer of an optical disk) 
(**theta: Inclination of an optical disk) 

A degree type will be obtained if such aberration is expressed with the coordinate (x y) 

standardized in the pupil radius on the pupil surface of an objective lens 2. 

[0031] 

3rd spherical aberration w(x y) =w40(x2+y2) 2 .... (formula 1) 
3rd comatic aberration w(x y) =w31x (x2+y2) .... (formula 2) 

Numerical aperture (NA) of an objective lens 2 cannot express the phase distribution 
corresponding to aberration sufficiently correctly only by the aberration of a low degree, when 
large. High order aberration is given by the degree type. 

[0032] That is, the 5th spherical-aberration multiplier is given by the degree type. 

[0033] W60=dt/48x(n2-1) x(n2+3)/n5xNA6 and the 5th comatic-aberration multiplier are given 

by the degree type. 

[0034] W51=t/8x(n2-1) xn2xsinthetaxcostheta/(n2-sin2theta) 9/2xNA5x (n4+(3cos2theta- 
5sin2theta) n2+4sin2theta-sin4theta) 

A degree type will be obtained if such aberration is expressed with the coordinate (x y) 

standardized in the pupil radius on the pupil surface of an objective lens 2. 

[0035] 

5th spherical aberration w(x y) =w60(x2+y2) 3 .... (formula 3) 
5th comatic aberration w(x y) =w51x(x2+y2)2 .... (formula 4) 

However, since the effect which gives high order aberration practically near the spot center of 
the light condensed with the objective lens 2 is very small, there is also little effect which it has 
on record playback of an optical disk. Therefore, the aberration which should be amended is 
enough if only the aberration of a low degree is taken into consideration. 

[0036] And as shown in drawing 2 and drawing 3 , a liquid crystal device 3 puts the liquid crystal 
molecular layer 13, and consists of two glass substrates 11 and 12 which are transparence 
substrates of a pair. Plane of incidence, an outgoing radiation side, i.e., a front face, and a rear 
face are made with a flat surface, and this liquid crystal device 3 is constituted. And in this liquid 
crystal device 3, thickness distribution of the liquid crystal layer 13 is made with the similarity 
configuration over phase distribution to give to the transmitted light of this liquid crystal device 
3. Namely, one side is made with a flat surface and, as for the fields 11a and 12a whose liquid 
crystal layers 13 each glass substrates 11 and 12 countered mutually, and are pinched, another 
side is made with the similarity configuration over desired phase distribution. 
[0037] In this liquid crystal device 3, as shown in drawing 4 and drawing 5 , it continues all over 
the fields 11a and 12a where each glass substrates 11 and 12 counter mutually, and one 
electrodes 14 and 15 are formed, respectively. Furthermore, the orientation film 16 and 17 is 
formed on these electrodes 14 and 15. The liquid crystal molecule of the liquid crystal layer 13 is 
located in a line along with the orientation film 16 and 17. As shown in drawing 4 , in the 
electrode 14 and the condition that the electrical potential difference is not impressed among 15, 
orientation of these liquid crystal molecule is carried out considering the direction of a major axis 
as parallel to the fields 11a and 12a of glass substrates 11 and 12. And these liquid crystal 
molecule will move to the condition of making the direction of a major axis perpendicular to the 
fields 11a and 12a of glass substrates 11 and 12, if an electrical potential difference is impressed 
between an electrode 14 and 15 as shown in drawing 5 . The refractive indexes of the liquid 
crystal layer 13 differ by the case where the polarization direction of incident light is in 
agreement in the direction of a major axis of a liquid crystal molecule, and the case where the 
polarization direction of incident light is not in agreement in the direction of a major axis of a 
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liquid crystal molecule. Here, the direction of a major axis of a liquid crystal molecule is parallel 
to the fields 11a and 12a of glass substrates 11 and 12, and the refractive index of the liquid 
crystal layer 13 when the polarization direction of incident light is in agreement in the direction 
of a major axis of a liquid crystal molecule is set to n1. Moreover, the refractive index of the 
liquid crystal layer 13 when the direction of a major axis of a liquid crystal molecule is 
perpendicular to the fields 11a and 12a of glass substrates 1 1 and 12 is set to n2. And in the 
condition that the direction of a major axis of a liquid crystal molecule is slanting to the fields 
11a and 12a of glass substrates 11 and 12, the refractive index of the liquid crystal layer 13 
serves as a value between n1 and n2 according to the include angle of a liquid crystal molecule. 
[0038] When there is no need of giving phase distribution to the transmitted light of a liquid 
crystal device 3. namely, when there is no manufacture error in this optical pickup and optical 
disk 101 and it is non-aberration in respect of image formation, the electrode 14 of a liquid 
crystal device 3 and the electrical potential difference impressed among 1 5 are adjusted, and it 
is made for the refractive index of the liquid crystal layer 13 to become equal to the refractive 
index n3 of each glass substrates 1 1 and 12 in this optical pickup, as shown in drawing 6 . 
[0039] And as shown in drawing 7 , ****** of the liquid crystal layer 13 is changed by changing 
an electrode 14 and the electrical potential difference impressed among 15 to give phase 
distribution to the transmitted light of a liquid crystal device 3. 

[0040] Phase distribution of the transmitted light of a liquid crystal device 3 is decided by the 
optical path length in a liquid crystal device 3. That is, phase distribution of the transmitted light 
of a liquid crystal device 3 is decided by the product (d (x) -deltan) of thickness distribution [ of 
the liquid crystal layer 13 ] d (x), and ******** deltan between the liquid crystal layer 13 and 
each glass substrate 11, and 12. Therefore, similar phase distribution can be given to the 
transmitted light of a liquid crystal device 3 to thickness distribution of the liquid crystal layer 13 
by changing an electrode 14 and the electrical potential difference impressed among 15, and 
producing ******** deltan between the liquid crystal layer 13 and each glass substrate 11, and 
12. 

[0041] A wave front when having produced spherical aberration turns into a wave front which 
phase contrast has produced in the center section and periphery of the flux of light, as shown in 
drawing 8 . Moreover, a wave front when having produced comatic aberration turns into a wave 
front which phase contrast is producing gradually in the 1 side [ flux of light ] and side side else, 
as shown in drawing 9 . Therefore, it becomes non-aberration, when giving these phase 
distribution and phase distribution of reversed polarity beforehand to the wave front of the 
transmitted light of a liquid crystal device 3 and image formation is carried out with an objective 
lens 2. 

[0042] Therefore, in order to amend spherical aberration, thickness distribution of the liquid 
crystal layer 13 in a liquid crystal device 3 is made into the configuration shown with the above 
(formula 1) as shown in drawing 10 . Moreover, in order to amend comatic aberration, thickness 
distribution of the liquid crystal layer 13 in a liquid crystal device 3 is made into the configuration 
shown with the above (formula 2) as shown in drawing 1 1 . 

[0043] And you may arrange in piles in the optical path which faces each to an objective lens 2 
as the liquid crystal device for amending the liquid crystal device and comatic aberration for 
amending such spherical aberration as shown in drawing 1 , or only either may be arranged. The 
sequence piled up when arranging in piles the liquid crystal device which amends spherical 
aberration, and the liquid crystal device which amends comatic aberration may be any, and may 
pile any up as a side near an objective lens 2. 

[0044] In addition, in this optical pickup, even if thickness distribution of the liquid crystal layer 
13 in a liquid crystal device 3 is not the configuration of similarity in phase distribution of 
spherical aberration or comatic aberration, amendment of aberration is possible. For example, 
since focus servo actuation according to the 2 shaft actuator 7 also as a configuration 
corresponding to the phase distribution to which the aberration by defocusing was added to 
spherical aberration amends a defocused part, amendment of aberration can be performed. 
However, since what is necessary is just to give phase distribution of reversed polarity about the 
phase distribution and the amplitude by the aberration itself in order for there to be no 
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semantics in making it such a configuration not much and to attain amendment of aberration by 
the minimum phase correction, the configuration shown in the above drawing 10 and drawing 11 
is the optimal. 

[0045] Moreover, this invention is effective also in the optical pickup used to the so-called 
multilayer disk. In a multilayer disk, since the transparent protective layer intervenes between 
each side of two or more signal recording surfaces by which the laminating was carried out, for 
every signal recording surface, the thickness from the front face of an optical disk differs, and 
the spherical aberration to generate differs. 

[0046] For example, in the case of "DVD (trademark)", the twoHayer disk is adopted, spherical 
aberration sets up twoHayer spacing as range permitted, and the optical pickup is designed, and 
does not have especially the amendment device of spherical aberration. 

[0047] However, when you want to increase a signal recording surface further from two-layer in 
"DVD (trademark)", or when numerical aperture (NA) of an objective lens is enlarged even if it is 
twoHayer, nonpermissible big spherical aberration occurs. 

[0048] In order to reduce spherical aberration, it can think that what is necessary is to be thin in 
between layers, namely, just to make signal recording surfaces approach, but when between 
layers is made thin, while performing record and playback about a certain signal recording 
surface, the stray light from other signal recording surfaces returns to an optical pickup, and 
exact record and playback become here, impossible. Therefore, there is a limitation in making 
between layers thin. This limitation changes with designs of a system, luminescence wavelength 
of the light source, etc. including optical system. However, when the lower limit of the interlayer 
spacing from which the stray light from other signal recording surfaces does not pose a problem 
has exceeded the upper limit of the interlayer spacing which can permit spherical aberration, it is 
necessary to amend spherical aberration efficiently with a certain means. 
[0049] Then, if it is going to amend spherical aberration using the conventional liquid crystal 
device which has the divided electrode, since only approximation-amendment can be performed, 
residual aberration is large and big spherical aberration [ as / in a multilayer disk ] cannot be 
amended. Moreover, by generating a spherical wave and making it put to an objective lens ON, 
only approximation-amendment can be performed, and since residual aberration is large, big 
spherical aberration in a multilayer disk cannot be amended. 

[0050] Since amendment of the spherical aberration in this invention amends the change of the 
configuration of the wave front by spherical aberration itself to it, when amending the big 
spherical aberration generated when using a multilayer disk, little good amendment of residual 
aberration can be performed. 

[0051] In addition, in the gestalt of operation mentioned above, although considered as the 
configuration of similarity in phase distribution of a request of one configuration of the fields of 
the glass substrate whose liquid crystal layer is pinched in the liquid crystal device, this 
invention is good for phase distribution of a request of the configuration of both sides of the field 
of the glass substrate not only this but whose liquid crystal layer is pinched also as a similar 
configuration. 

[0052] Namely, since phase distribution to give the transmitted light of a liquid crystal device is 
decided by the product (d (x) -deltan) of thickness distribution [ of the liquid crystal layer put 
with the glass substrate ] d (x), and a liquid crystal layer and ******** deltan between each 
glass substrate, it does not depend on the configuration of a glass substrate, but thickness 
distribution of a liquid crystal layer has just become an analog to desired phase distribution. 
[0053] Moreover, the field configuration of the field which puts the liquid crystal layer of each 
glass substrate may form a predetermined field configuration for example, with an ultraviolet- 
rays (UV) curing agent, and may form it by sticking this on a plane glass substrate. 
[0054] 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 

3. [n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the side elevation in which fracturing a part and showing the configuration of the 
optical pickup concerning this invention. 

[Drawing 2] It is drawing of longitudinal section showing the configuration of the liquid crystal 
device which performs aberration amendment in the above-mentioned optical pickup. 
[Drawing 3] It is the front view showing the configuration of the above-mentioned liquid crystal 
device. 

[Drawing 4] It is drawing of longitudinal section showing the configuration of the important 
section in the condition of not impressing the electrical potential difference of the above- 
mentioned liquid crystal device. 

[Drawing 5] It is drawing of longitudinal section showing the configuration of the important 
section in the condition of impressing the electrical potential difference of the above-mentioned 
liquid crystal device, 

[Drawing 6] It is drawing of longitudinal section showing the configuration of the important 
section in the condition of having adjusted applied voltage in the above-mentioned liquid crystal 
device, and having made the refractive index of a liquid crystal layer equal to the refractive index 
of a glass substrate. 

[Drawing 7] It is drawing of longitudinal section showing the configuration of the important 
section in the condition of having changed applied voltage in the above-mentioned liquid crystal 
device, and having changed the refractive index of a liquid crystal layer with the refractive index 
of a glass substrate. 

[Drawing 8] It is the graph which shows the wave front generated according to spherical 
aberration. 

[Drawing 9] It is the graph which shows the wave front generated according to comatic 
aberration. 

[Drawing 10] It is drawing of longitudinal section showing the configuration of the important 
section of the liquid crystal device for amending spherical aberration. 

[Drawing 11] It is drawing of longitudinal section showing the configuration of the important 
section of the liquid crystal device for amending comatic aberration. 
[Description of Notations] 

1 Semiconductor Laser, 2 Objective Lens, 3 11 Liquid Crystal Device, 12 Glass Substrate, 13 14 
Liquid Crystal Layer, 1 5 Electrode 



[Translation done.] 
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[Drawing 4] 




[Drawing 7] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi.eije 



2005/02/16 



3/4 ^— V 




[Drawing 8] 




[Drawing 9] 




[Drawing 10] 




[Drawing 111 
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